Aim/Purpose-In this paper, we discuss how a Transdisciplinary (TD) and a Community Based Participatory Research (CBPR) initiative was conceptualized, developed, implemented, and sustained at a small academic institution with limited research infrastructure, emphasizing die role of capacity building.
Introduction
Health disparities problems involve multiple factors that should be analyzed and evaluated from theoretical frameworks and research models that allow a broad view of these complex phenomena. Transdisciplinary (TD) research offers this opportunity through the integration of different disciplines for the creation of a common conceptual framework to tackle a problem (Rosenfield, 1992) . Using a TD approach, investigators from different scientific disciplines, expertise and cultures interact to co-produce knowledge (Abrahams, 2006) . Meanwhile, Community Based Participatory Research (CBPR) is a collaborative approach that begins with a research topic of importance to the community and combines knowledge with action, in order to achieve social change to improve health outcomes and eliminate health disparities (WK. Kellogg Foundation Community Health Scholars Program, 2001) . Therefore "TD, community-based, interactive, or participatory research approaches are often suggested as appropriate means to meet both the requirements posed by real-world problems as well as the goals of sustainability" (Lang et. al, 2012) .
The implementation of both TD and CBPR approaches requires a continuous capacity building effort. ESSENCE on Health Research (2014) defines research capacity building as any attempt to increase the ability of individuals and institutions to undertake high-quality research and to engage with the wider community of stakeholders. Most examples of the development and implementation of TD and CBPR initiatives come from large-scale programs led by research-intensive institutions or centers with multiple resources to establish collaborations among experts from different disciplines (Cooper et. al. 2013; Emmons, Viswanath & Colditz, 2008; . However less is known about the process of establishing TD and CBPR initiatives in small academic settings. Therefore, in this paper we outline how a TD and a CBPR research initiative was conceptualized, developed, implemented, and sustained at a small academic institution with limited research infrastructure.
impact. Therefore, based on the definition of TD research, our institution embraced the use of this approach as a strategy to maximize the use of academic and financial resources.
The aims of UNE's TD Research Efforts were to:
1.
Strengthen UNE's research infrastructure.
2.
Promote TD research endeavors among its faculty, students and academic units.
3.
Develop CBPR initiatives that focus on health disparities affecting in UNE's surrounding communities.
To accomplish these aims, research capacity building was considered a priority to develop die necessary infrastructure to conduct research in health disparities using TD and CBPR approaches.
Conceptualization of a TD and CBPR Research Agenda
In 2008, our university was awarded a Research Infrastructure for Minority Institutions (RIMI) grant from die National Institutes of Minority Health and Healdi Disparities (NIMHD) to enhance research capacity in health disparity areas (P20MD003355). The overall goal of die NIMHD-RIMI grant was to enhance UNE's research capacity in healdi disparity research at the basic science, preventive health, sociobehavioral, and educational level, as well as to increase student pursuit of advanced studies in diese areas. This presupposed at minimum a multidisciplinary approach to tackle a problem of interest, as it involved die participation of faculty and students from different academic units (i.e., Science & Technology, Healdi, Social Sciences, and Education). The health disparities of interest were asdima and violence at elementary school settings in Puerto Rico. These were selected based on dieir prevalence in Puerto Rican population, and because they provided a wide context for collaboration among diverse disciplines. To address these issues, die VIAS Healdi Disparity Network was created widi die goal of promoting TD and CBPR approaches for die prevention of violence and asdima in UNE's surrounding communities (Lugo, Baez, Medina, & Santiago, 2011) .
During die conceptualization phase of VIAS Healdi Disparity Network, careful attention was given to die Pransdisriplinaty research design principles (see Table 1 ) to assemble die violence and asdima research teams. However, since the inclusion of die community in die research process requires a paradigm shift that not only replaces die community's position in research but also re-conceptualizes the role of die researcher, die CBPR guiding principles described by Israel and odiers (Israel, Schulz, Parker, & Becker 1998 , Israel et al., 2008 ) (see Table 2 ) were incorporated as well in die conceptual framework of our TD research initiative.
systematic changes, and is influenced by cultural aspects, among odier factors (see Table 3 ). In UNE's case, the NIMHD-RIMI grant contributed to direct on-going capacity-building efforts towards die development of die administrative, human, and physical infrastructure needed to promote a TD research institutional culture, a critical feature for die success of diis type of initiative. During the five years of die grant, significant institutional and administrative changes were implemented, many of which remain, to continue supporting capacity building efforts. capacity-building activities were coordinated by the TRI, and were attended by faculty, administrators, students, researchers, as well as community stakeholders (see Table 4 ). Hall et al. (2008) considered three categories in die evaluation of collaborative-readiness in TD research teams: die contextual-environmental conditions (e.g, institutional support, physical proximity of investigators), intrapersonal characteristics (e.g, research orientation, leadership, among others), and interpersonal factors (e.g, group size, diversity of disciplines represented, previous history of collaboration). In our case, die capacity-building activities helped address these factors by bringing researchers and community stakeholders togedier in a series of face-to-face meetings within an enabling environment that fostered collegiality and cultivated seeds for collaboration. As stated in Medina, Fernandez, Cruz, Jordan and Trenche (2016) , these meetings "…helped create a productive environment in which all ideas were listened to and were integrated…" and fostered trust and respect among partners. In addition, it provided a common ground in which a shared language was developed, and teams were assembled to define the research questions and study design, as illustrated by die configuration of the YIAS Healdi Disparity Network.
Implementation of TD and CBPR Research Initiative
The VIAS Healdi Disparity Network consisted of two distinct TD teams, one for Asdima Prevention and die odier for Violence Prevention. Bodi teams had committees at each participating elementary school, whose members were researchers and undergraduate students from different disciplines and community stakeholders, which included parents, teachers, students, social workers, administrative staff, and other members of the community (see Table 5 ).
For effective communication among team members, face-to-face meetings at regular intervals (i.e., biweekly) were held to discuss die progress and challenges in die research activities, as well as ideas for new projects. A liaison was appointed to maintain an open line of communication between the community and the researchers. In addition, community engagement activities were frequendy held to raise awareness of healdi disparity issues and to promote familiarity and social cohesiveness among team members and community stakeholders through both formal and informal settings (see Table 6 ).
An example of one the projects diat stemmed from diese teams and committees was die development, validation, and implementation of a school violence observation instrument designed to gadier information about die characteristics and behavioral patterns of school violence at each school community Medina Santiago, Cruz Rivera, Trenche Rodriguez & Baez Avila, 2017) . In this study die principal investigator worked collaboratively with die school communities and YIAS' research team during the whole research process. Moreover, faculty and undergraduate students from diverse disciplines were involved in data collection and had also input in die modifications made to die observation instrument and procedure. In addition, diey contributed in data analysis and interpretation. This TD and CBPR effort helped develop a better instrument tailored to the needs of the community and contributed to a better understanding of the phenomenon being researched.
In CBPR efforts, die dissemination of findings should be provided on an ongoing basis, using multiple strategies, so results can be used to guide the development of interventions and policy change (Israel et.al, 2008) . In diis case, die results were discussed widi community members and disseminated to die communities at large (e.g, school personnel and parents) dirough oral and written reports. Furdiermore, action plans were developed at each school community to prevent and reduce school violence based on die results of the study. For instance, changes in school organization (e.g, lunch schedules, supervision duties) were implemented and parents were invited to participate in school activities as classroom assistants, lunch monitors, etc. In addition, dissemination of findings extended beyond the partnership itself, involving a community member (a school social worker) as co-audior of publications and co-presenter at conferences and workshops.
Regarding this process of dissemination of results, CBPR recognizes the importance of the discussion and interpretation of die data obtained from die research by all parties involved. However, diis information should be presented to die community in a clear and respectful language, and in ways which will be useful for decision-making and for developing action plans diat will benefit die community (Balcazar, 2003) . Thus, multiple strategies of dissemination were used to communicate the results on an ongoing basis to different audiences (see Table 7 ).
Sustainability of TD and CBPR Research Efforts
Sustainability is a core concept in TD, CBPR, and capacity-building principles. Therefore, early and continuous capacity building efforts are necessary to sustain TD and CBPR research efforts and collaborations. According to Hacker and colleagues (2012) , "capacity building can be seen as both a determinant of sustainability and an outcome of it. Some have even referred to this as capacity sustainability" (p.2). Referring to the conceptual model for the evaluation of collaborative initiatives described by Hall et al. (2008) , the capacity building activities during the development and implementation of our TD initiative, not only enhanced the collaborative readiness of the teams, but also their collaborative capacity which in turn translated into sustainable collaborative products.
For instance, the enabling institutional environment for cross-disciplinary collaborations, the development of research skills through capacity-building activities, and the convergence of investigators through formal and informal settings contributed to the submission in 2013 of a grant to the Environmental Protection Agency (EPA), aimed to determine the impact of urban environmental stressors in student health and achievement by means of a CBPR and TD approach. For this grant submission, the research team was composed of investigators from both TD teams of the VIAS Health Disparity Network working together towards a common goal. Even though the grant was not awarded, it received favorable comments from reviewers, but more importantly it set up the stage for future TD collaborations in UNE. Thus, in 2015, two of the researchers involved in the submission of the EPA grant were awarded an Academic Research Enhancement Award (AREA-R15) from NIMHD (R15MD010201). The purpose of this research mechanism is to stimulate research in educational institutions that have not been major recipients of NIH support, and is intended to support small-scale research projects (National Institutes of Health [NIH], n.d.). As a small institution, being a recipient of this grant is an encouraging and positive outcome of fostering TD collaborations, since it has been the first of its kind to be awarded to UNE and it had provided continuity to the collaboration with the surrounding school communities.
In addition, one of the guiding principles of CBPR is that it involves systems development through cyclical and iterative processes, including those for developing partnerships and establishing mechanisms of sustainability (Israel et al. 1998 ). This is also true for TD and capacity building research efforts. Hall and colleagues (2012) , proposed a four-phase model of TD team-based research in which a cyclical progression occur through the phases (i.e. development, conceptualization, implementation, and translation) as well as recursive and iterative movements among them during the life cycle of a TD initiative. These movements may lead to new research directions and changes in the TD team. Indeed, the evolution of the TD team is a key process in the translation phase in which the development of new collaborations that provide additional expertise can aid in moving the TD research findings from one level of analysis to another and/or across the discovery-development-delivery continuum (Hall et al. 2012 ). In our case, the VIAS Health Disparity Network evolved into Project ECO-RED. The main goal of this project is to examine the relationships between exposure to traffic-related air pollution and the risk of developing respiratory and neurocognitive impairments in Puerto Rican children. The new research direction in our TD initiative required the addition of an epidemiologist and a respiratory therapist to the previous research team of the environmental toxicologist, school psychologist, and academic research psychologist that participated in the VIAS teams.
Challenges and Lessons Learned
Although we have been able to successfully implement and sustain a collaborative TD and CBPR research initiative we still face challenges (see Table 8 ) that have been reported in the literature on these topics (Kessel & Rosenfield, 2008; Stokols, Misra, Moser, Hall & Taylor, 2008; Vogel et al., 2014) . For instance, there are institutional barriers, such as emphasis on academic-teaching tasks for faculty that does not have a research appointment. In our institution, most faculty are part-time and mostly hired for teaching. In addition, of die 154 full-time faculty members only 54.5% have a doctoral degree. These factors limit opportunities for collaboration widiin the institution. However, it has encouraged us to develop collaborations and partnerships with other institutions and organizations, which have enhanced our TD and CBPR research team.
The implementation of a research approach particularly focused on TD proved to be costeffective to our institution as die investigators shared resources towards a same goal. However, as die research teams and projects keep expanding in disciplines and scope there is a need for additional research infrastructure and continuous capacity-building efforts to support die changing demands of die TD research. This element has been more difficult to sustain since, as a small institution with a primary focus on teaching, diere are limited resources and opportunities for die development of areas designated for research activities. Also in contrast with research-intensive institutions, UNE receives less dian 530,000 USD a year in research grants and thus limited indirect costs. In addition, our institution does not have a critical mass of investigators to be able to successfully compete for major grants for During the initial phases of the implementation of the TD and CBPR research initiative, a considerable time and effort was devoted to capacity-building activities focused on TD and CBPR training. This proved to be effective in stimulating collaborations among investigators and the community. Unfortunately, after the initial funding from the NIMHD-RIMI grant, these capacity-building activities have scaled-down, which has limited the participation of additional faculty in the TD research projects. We emphasize the need for training junior faculty since traditionally most investigators have not been involved in TD research and thus many lack the skills and dispositions to engage successfully in TD collaborative efforts. While others have focused on TD training for graduate students and postdoctoral fellows, as those described by Nash et al. (2003) and James, Gehlert, Bowen and Colditz. (2015) , as a small academic institution without doctoral programs, this may not be feasible. Thus, to sustain the institutional collaborative capacity, more emphasis should be made in developing modules and/or courses to provide formal TD training to faculty while encouraging researchers to interact and collaborate (Nash, 2008) .
Diversity in values and attitudes, as well as differences in terminology, methods and techniques among researchers across different disciplines and community members are known barriers for TD and CBPR (Vogel et al., 2014) . Thus, to promote effective communication between the researchers and the community, a liaison was appointed to facilitate the flow of information. Initially, the functions of the liaison were mainly structural tasks such as coordination and information exchange. However, throughout the tenure of VIAS Health Disparity Network, it became clear that the liaison was more than just an intermediary between parties, but a key player for the successful implementation of TD and CBPR initiative. Gray (2008) states that brokers who function as representatives and liaisons are the most crucial in large TD teams as they are the only links connecting diverse groups. In our case, the liaison not only provided linkage, but also assumed a role of leadership due to the unique position of centrality within the TD teams. Thus, the liaison provides support to the principal investigators by facilitating team-based processes, maintaining frequent communication, and serving as translator to maintain a clear message and build trust among team members. As such, the liaison must be skilled in group processes, conflict resolution, and interpersonal communication. Since the role of the liaison takes a considerable amount of time and effort, in our TD and CBPR initiatives, an academic research psychologist has been exclusively tasked with this endeavor.
Conclusion
This article focuses on CBPR and TD approaches to the study of health disparities, paying attention to the capacity building component as an important part of the process of achieving TD knowledge generation. As illustrated in Figure 1 , capacity building shares core aspects with CBPR and TD efforts such as building and developing collaborations, supporting and sustaining research efforts, as well as evaluating and monitoring the research process.
Capacity building sessions encouraged the convergence of researchers from different disciplines towards the same goals, providing a common ground to develop new ideas and projects to address health disparities in our communities. This became an opportunity to maximize limited research resources in our institution by expanding the scientific network of the researchers, increasing collaborations, and enhancing the translation of potential solutions to address the needs of community stakeholders. Even though capacity building can facilitate the implementation of TD and CBPR research, many challenges arise as an inherent result of community engagement and the integration of different disciplines. Thus, the need of continuous reflection to acknowledge them, becomes critical for advancing TD and CBPR research efforts. Mendez is a principal investigator of project ECO-RED, which goal is to study the effects of traffic-related air pollutants in the respiratory and cognitive healdi of Puerto Rican children. Her main research interest is to understand the adverse healdi effects of inhaled toxicants in susceptible populations. Core concepts shared by TD, CBPR, and capacity building efforts Transdisciplinary research design principles (Lang et. al, 2012) Principle Description
BIOGRAPHIES
Phase A: Design principles for collaborative problem framing and building a collaborative research team Build a collaborative research team Identify researchers, collaborators and stakeholders with expertise in the research problem, and facilitate explicit team-building processes.
Create joint understanding and definition of the sustainability problem to be addressed Define the sustainability problem and make sure all team members are involved in that process.
Collaboratively define the boundary/research object, research objectives as well as specific research questions, and success criteria
Formulate an overall research object in which all the partners agree on common success criteria.
Design a methodological framework for collaborative knowledge production and integration
The research team must agree upon a jointly developed methodological framework that defines how the research target will be pursued in the next phase and what settings will be employed.
Phase B: Design principles for co-creation of solution oriented and transferable knowledge through collaborative research Assign and support appropriate roles for practitioners and researchers
In each research effort, the tasks, roles and responsibilities of the scientists and practitioners, must be clearly defined in a transparent process.
Apply and adjust integrative research methods and transdisciplinary settings for knowledge generation and integration
The research team employs a medthodological framework to generate solutions to the research problem, as well as develop suitable settings for inter-and transdisciplinary cooperation and knowledge integration.
Phase C: Design principles for (re-)integrating and applying the created knowledge
Realize two-dimensional integration Review the research outcomes and evaluate if its implementation served to solve or mitigate the problem addressed.
Generate targeted product for both parties
The research products, such as publications, must be appropriate to both researchers and partners so they can use that information for real-world problem-solving, scientific progress and/or innovation.
Evaluate scientific and societal impact Evaluate the project at different stages after completion.
General Design Principles cutting across the three phases
Facilitate continuous formative evaluation Formative evaluation must involve experts related to the topical field and transdisciplinary research. This process should allow to review the progress and reshape the subsequent project steps and phases, if necessary.
Mitigate conflict constellations
The researchers and practitioners must prepare and anticipate conflict at the outset, as well as adapted agreements should accompany the transdisciplinary research process over the entire course of the project.
Enhance capabilities for and interest in participation Pay adequate attention to the material and intellectual capabilities that are required for effective and sustained participation in the project over time. CBPR guiding principles (Israel et al., 1998; Israel et al., 2008) Principle Description
Recognizes community as a unit of identity.
Communities can be geographic, neighborhoods or groups that do not share these characteristics, but have a common sense of identity that involves a sense of emotional connection and identification with others.
Builds on strengths and resources within the community Considers, includes and works with the skills and resources of the people involved, the networks that the community has to support its self-management process, and the social structures that contribute to the ability of community members to work together.
Facilitates collaborative, equitable partnerships in all phases of the research.
The norms of partnerships include mutual respect; recognition of the knowledge, expertise, and resource capacities of the participants in the process; and open communication.
Promotes co-learning and capacity building among all partners. The co-learning process facilitates the reciprocal transfer of knowledge, skills, and capacity.
Integrates and achieves a balance between research and action for the mutual benefit of all partners.
Seeks to create a balance between the generation of scientific research and application of knowledge resulting from it in favor of community efforts that lead to social change.
Involves a long-term process and commitment.
The relationships and commitment of all partners involved go beyond the culmination of a specific project or funding period since the problems faced by the communities are not limited by the time established by a project or funding agencies.
Involves systems development through a cyclical and iterative process.
The cyclical and iterative process should include partnership development, community assessment, problem definition, determination of action, and mechanisms for sustainability among odiers.
Emphasizes local relevance of public health problems and ecological perspectives that recognize and attend to the multiple determinants of health and disease.
It emphasizes an ecological approach that involves individuals, the immediate context in which they live, and the broader context in which they are embedded.
Disseminates findings and knowledge gained to all partners and involves all partners in the dissemination process.
The data obtained from the research must be: interpreted and discussed by all parties involved, presented to the community in a clear and respectful language and in ways that will be useful for the community, and disseminated among and beyond the partnership itself. 
